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| 7224
CONTROLLER FOR 4MBIT
BPK 5V74 BUBBLE MEMORY SUBSYSTEM

# Provides Interface between Host B 18 Easy-to-Use Commands
Microprocessor and 4 Mbit B Three Modes of Data Transfer

Bubble Memory Subsystems ) — DMA

® Interfaces to 8080/85/86/88/186/286 — Polled
and Other Standard Microprocessors — Interrupt _ |

® Controls up to Eight Bubble Memory ® Transfer of Single (64 bytes) or Multiple -
Subsystems Pages of Data

The 7224 is a complete 4 Mbit Bubble Memory Controller (BMC) that provides the interface between the
microprocessor host and the 4 Mbit Bubble Memory Subsystem. All communication between the host
processor and the bubble memory is performed through the controller.

The BMC interfaces easily to any Intel microprocessor or other standard microprocessor. The user has
18 easy-to-use commands available. Information such as the starting page location, the number of
pages to be transferred and a read or write command is passed to the BMC before the read or write
operation is initiated.

The 18 commands of the 4Mb1t BMC is a superset of the 1Mbit BMC’s 16 commands prowdmg an easy
up-grade of software from the 1Mbit to the 4Mbit system.

The design engineer writes a bubble memory software driver to integrate the bubble memory into his
system. This interfacing with the BMC is similar to interfacing a disk drive controller. Application notes
and manuals describe the details of interfacing to the BMC.

The BMC can transfer data in DMA, interrupt or polled mode. Data is transferred in and out of the bubble
memory subsystem via the controller in single or multiple pages. A page size may vary from 64 bytesina
single bubble system and up to 512 bytes in an eight bubble system.

___ [ S ]

_________ o - —-—- -/ PWRFAIL 1 %07 Vee
RESETOUT []2 ]
! l cx []3 [ %=
' RESET [} 4 ] Ve
— [ wds  wp
) wr (e s ] A
. } l DACK 7 MU TE
ona []8 33|} AEPEN
B T284

DRIVE TRANSISTOR INT (]9  g204 32[] BOOTEN
Ao (1o BMC 3117 SWAPEN

|
|
|
|
|
|
|
{} : Do (] 11 %[ G00TSER
| .
|
|
|
|
|
|
I
|
I

0y 12 w1 ob
7118 0; [ 28 [} DET.ON
T244 FOUR Dy [ 271[] ERAFLG
FORMATT phiie
: 5::55“ - .:E::EI:T oy )15 267 wait
AMPLIFIER : MEMORY D5 [] 18 25[7] BUSRD
Fsh ' ' Maw De [ 17 24 [ SHIFTEIK
D7 [Js 2317 &¥NC
o [}19 22{] oio
GND [ 20 0[] és
T34
CURRENT
PULSE
QENERATOR Figure 2.
(CPG)
- Pin Configuration
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ORAGE SUBSYSTEM |

mn,}ﬁmn Figure 1. Block Diagram of a 512K Byte

BPK 5VT4 Bubble Storage System

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Pro-

duct. No Other Circuit Patent Licenses are implied.

© INTEL CORPORATION : : OCTOBER 1983
6-297 ORDER NO. 230865-001



intel

7224

ADVANGCE INFORMATION

The BMC has an eight bit data bus plus parity bit. Word
length expansion to 16 bit is possible by operating two
controllers in parallel.

The BMC generates all the ttming and control sagnals to
the BPK 5V74 subsystem.

One BMC can_contro! up to eight BPK 5V74 subsystems.
This provides an easy expansion path to expand any 4
Mbit (512K byte) system up to 32Mbit (4Mbyte) by adding
on additional BPK 5V74 subsystems.

i

‘The BMC is manufactured using Intel’s high performance
* HMOS process and is packaged in a standard 40-pin dual-

in-line package. All inputs are directly TTL compatible and

the device uses a single + 5 Volt supply.

HARDWARE DESCRIPTION

The 7224 Bubble Memory Controller is packaged in a
40-pin Dual In-Line Package (DIP). The following lists the
individual pins and describes.their function.

.Table 1. Pin Description .

Signal Name Pin No. o

Source/Destination

Description .

Vee 40 |

+5VDC Supply

GND 20 |

Ground

PWR.FAIL 1. | 7234 CPG

A low forces a controlled stop sequence and holds
BMC in an IDLE state (similar to RESET).

RESET.OUT 2. 0]

. 7250 CPD/7244 FSA
7234 Reference
Current Switch

An active low signal to disable external logic _
initiated by PWR.FAIL or RESET signals, but not"
active until a stopping point in a field rotation is
reached (if the BMC is causing the bubble o
memory drive field to be rotated).

Host Bus

2 MHz, TTL-level clock.

Host Bus

A low on this pin forces the interruption of any
BMC sequencer activity, performs a controlled
shut-down, and initiates a reset sequence. After
the reset sequence is concluded, a low on this pin
causes a low on.the RESET.OUT pin, furthermore,
the next BMC sequencer command must be either
the Initialize or Abort command; all other -
commands are ignored.

E]
o

Host Bus

A low on this pin enables the BMC output data to
be transferred to the host data bus (Dg-Dg).

3]
(=]

Host Bus

A low on this pin enables the contents of the host
data bus (Dg-Dg) to be transferred to the BMC.

Host Bus

A low signal is a DMA acknowledge. This

notifies the BMC that the next memory cycle is
available to transfer data. This line should be
active only when DMA transfer is desired and the
DMA ENABLE bit has been set. CS should not be -
active during DMA transfers except to read status.
If DMA is not used, DACK requires an external

| pullup to V¢ (5.1K ohm)

DRQ 8 0 Host Bus

A high on this pin indicates that a data transfer
between the BMC and the host memory is being
requested.

INT .9 o Host Bus

A high on this pin indicates that the BMC has a
new status and requires servicing when enabled
by the host CPU.

Ag - 10 | Host.Bus

A high on this pin selects the command/status
registers. A low on thls pin selects the data
register:

11-18 110 Host Bus

Host CPU data bus. An enght -bit bidirectional
port which can be read or written by using the
‘RD and WR strobes. Dg shall be the LSB. ©

Dg 19 [} Host Bus

Parity bit.
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Table 1. Pin Description (Continued)

Signal Name PinNo. | 1O Source/Destination Description
[ 21 | Host Bus Chip Select Input. A high on this pin shall disable
the device to all but DMA transfers (i.e., it ignores
bus activity and goes into a high impedance state).
DIO 22 /O 7244 FSA A bidirectional active high data line that shall be
used for serial communications with 7244 FSA
: devices. :
SYNC 23 @] 7244 FSA An active low output utilized to create time
' division multiplexing slots in a 7244 FSA chain. It
shall also indicate the beginning of a data or
command transfer between BMC and 7244 FSA.
SHIFT.CLK 24 o 7244 FSA A controller generated clock that initiates data
o transfer between selected FSAs and their
corresponding bubble memory devices. The timing
of SHIFT.CLK shall vary depending upon whether
data is being read or written to the bubble
memory.
BUS.RD " 25 o) An active low signal that indicates that the DIO
. To User External line is in the output mode, i.e., BMC is sending
Circuit - data to FSA. It shall be used to allow off-board ex-
pansion of 7244 FSA devices.
WAIT 26 o : A bidirectional pin that shall be tied to the WAIT
: To Alternate pin on other BMCs when operated in parallel. It
Controller(s) shall indicate that an interrupt has been generated
When User System and that the other BMCs should halt in
Uses More Than synchronization with the interrupting BMC. WAIT is
One Controller. an open collector active low signal. Requires an
external pullup resistor to V¢ (5.1K ohm).
ERR.FLG 27 | 7244 FSA An active low input generated externally by
' . 7244 FSA indicating that an error condition
exists. It is an open collector input which requires
an external pullup resistor (5.1K ohm).
DET.ON 28 0 To User E | An active low signal that indicates the system is
' ° sCe_r xterna in the read mode and may be detecting. It is useful
Ircuit for power saving in the MBM.
ciD 29 0] 7244 FSA A high on this line indicates that the BMC is
: beginning an FSA command sequence. A low on
‘this line indicates that the BMC is beginning a
data transmit or receive sequence.
BOOT.SW.EN 30 0] 7234 CPG An active low signal which may be used for
' _ enabling the BOOT.SWAP of the 7234 CPG.
SWAP.EN 31 0] 7234 CPG An active low signal used to create the swa
' function in external circuits. C
BOOT.EN 32 (0] 7234 CPG An active low signal enabling the bootstrap loop

, o : replicate function in external circuitry.

- REP.EN 33 (0] 7234 CPG An active low signal used to enable the replicate
- function in external circuitry. '
T™M.B 34 o 7234 CPG An active low timing signal generated by the
o : decoder logic for determining TRANSFER pulse

width. '
T™M.A _ '35_ o 7234 CPG An active low timing signal generated by the
_ decoder logic for determining CUT pulse width.
Y-, Y+, 36-39 o] 7250 CPD Four active low timing signals generated by the
K=, X+ decoding logic and used to create coil drive

currents in the bubble memory device..
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FUNCT!ONAL DESCRIPTION

The 7224 Bubble Memory Controller provides the user
interface to the bubble memory system. The BMC
generates all memory system timing and control,
maintains memory address information, interprets and
executes user request for data transfers, and provides a

Microprocessor-Bus compatible interface for the
magnetlc bubble memory system.

Figure 3 is a block diégram of the 7224 Bubble Memory
Controller (BMC). The following paragraphs describe the
functions of the individual functional sections of the BMC.

RESET - le———— PWR.F
POWER FAIL, WR.FAIL
ABORT, AND
RESET LOGIC RESETOUT
WATT «—] - ERRFLG
SEQUENCER
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FILE
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INT -—] | » BOOT.SW.EN
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Figure‘_. 3. 7224 Bubble Memory Controller (BMC), Block Diagram

System Bus Interface—The System Bus Interface (SBI)
logic contains the timing and control logic required to
interface the BMC to a non-multiplexed bus. The logic
also contains the circuitry to check and generate odd
parity on transfers across the bus. The interface has in-
put data, output data, and status data latches. The BMC
can interface asynchronously to.the host CPU. With a
‘2-MHz clock, it is capable of sustaining a 1-Mbyte per
second transfer rate while data is available in the BMC
-FIFO.

FIFO—The FIFO consists of a 40 x 8 bit FIFO RAM for
data storage. The FIFO block also contains input and
output data latches, providing double data buffering, to
improve the R/W cycle times 'se_en at the system bus in-
terface. The FIFO may be used as a general purpose:
FIFO when a command is not being executed by the
BMC Sequencer. In this mode, the FIFO READY status
bit becomes a FIFO not-empty indicator indicating that

the RAM and mput!output latches have at Ieast one byte

of data.

DMA and Interrupt Loglc—The DRQ pin has two func-
tions:

(1) " If the DMA enable bit in the enable r_gg_i_s_gg.-r is set,
the DRQ pin, in conjunction with the DACK pin, pro-
vides a standard DMA transfer capability; i.e., it has
the ability to handshake with an 8257 or 9517.’8237
DMA controller chip.

(2) If the DMA enable bit is reset, the DRQ pin acts as a '
“ready for data transfer interrupt” pin. It becomes
active when 22 bytes may be read from or written in-
‘to the BMC; it is reset when this condition no longer
exists.

Registe'r File— The register file contains 6_ eight-bit
registers that are accessible by the host CPU. Refer to the
Register Section for details.
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MBM Address Logic and RAM—The MBM address logic
consists of the block length counter, starting address
counter, adder, and MBM Address RAM. The MBM Ad-
dress RAM is used to store the next available page ad-
dress for each of up to 8 dual FSAs. The address main-
tained is the read address; the write address is generated,

when needed, by adding a constant to the stored read -

address.

The block length counter enables multiple page trans-
fers of up to 2048 pages in length.

The starting address counter is used as a register to hold
the desired start address. Once the start address is reach-
ed, the counter is incremented on each subsequent page
transfer so that its value equal to the present read ad-
dress. There are 8192 possible starting addresses.

DIO Bootloop Decoder/Encoder—Performs parallel-to-
serial and serial-to-parallel conversions between the
FIFO data and the serial bit stream on the DIO line. This
block also generates the BUS.RD 'signal, which indi-
cates the direction of data transfer on the DIO line (this
is useful in situations which require external buffering
on the DIO line). This block also contains the circuitry
which decodes the bootloop data during a Read
Bootloop or Initialize operation, and encodes the boot-
loop data during a Write Bootloop operation.

Sequencer— Controls the execution of commands by
decoding the contents of its own internal ROM in which
the BMC firmware is located. This block also sets and
resets flags and status bits, and controls actions in
other parts of the BMC. -

Power. Fail and Reset— Provides a means of resetting

Table 2. 7224 BMC Timing (Degrees)**

Signal Start Width

X= 270° 108°

Y+ 0° 108°

xX= 90° 108°

. Y= 180° 108°
: TM.A (LATE) 279° 94.5°
TM.A (EARLY) 99° 945°

TM.B (LATE) 279° 90°

TM.B (EARLY) 99° 90°
BOOT.EN 261° 126°

REP.EN 261° 126°

SWAP.EN 180° 153°
BOOT.SW.EN 180° DC*
SHIFTCLK (RD) LATE 230.5° 45°
EARLY 40.5° 63°

SHIFTCLK (WR) LATE 261° 126°
EARLY 81° 126°

*Stays low for 8211 field rotation periods when writing
the MBM Bootloop.

*All phases relative to Y + start phasa All entries =+ 1.26 except
TM.A width which is +0.5.

SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN all go to
the 7234 CPG. They are used to enable, respectively, the
data swap, data replicate, boot swap, and boot replicate
functions within the MBMs.

SHIFT.CLK goes to the FSAs. It is used to control the tim-

the bubble systems in an orderly manner, when acti-

vated by the PWR.FAIL signal, the RESET signal, or the
ABORTcommand. The additive noise on the PWR.FAIL pin
should be less than 150 mV for proper powerfail
operation.

FSA Select Logic block contains the logic which controls
the timing of the interaction between the BMC and the
FSAs. The FSA selection is determined by the four high-
order bits in the BLR and the three high-order bits in the
AR, both set by the user.

Bubble Signal Decoder block contains the logic for
creating all the MBM timing signals. The BMC to bubble
memory interface consists of active low timing signals.

. The starting and stopping point of each signal is deter-
mined by the decoder logic. Each signal may occur
every field rotation or only once in a number of field rota-
tions. The field rotation in which a timing pulse occurs
is controlled by the sequencer logic.

Figure 4 and Table 2 illustrate the typical timing 5|gnals.

for the BMC. These signals are described in the follow-
ing paragraphs. .

X+,X=,Y+,and Y= go to the 7250 CPDs, and are
used to enable the coil drive currents in the MBMs.

TM.A and TM.B go to the 7234 CPGs, and are used to
determine, respectively, the pulse widths for the CUT and

TRANSFER functtons used'in rephcatlng and generating
the bubbles.

ing of events at the interface between each FSA and its
corresponding MBM. (Refer to 7244 FSA Specification for
a description of the BMC/FSA interface.)

SYNC and C/D control the serial communications be-
tween the BMC and the FSAs (on the DIO line).

USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by read-
ing from or writing to specific registers within the bub-
ble memory controller (BMC). The following paragraphs
identify these registers and gives brief functional
descriptions, including bit conflgurahons and address
assignments.

Register Addressing

Selection of the user-accessible registers depends on
register address information sent from the user to the
BMC. This address information is sent via a single ad-
dress line (designated Ap) and data bus lines Dy through
Ds.

The Command Register (CMDR) is an 8-bit register which

.is loaded from Dg — D5. Register Address Counter (RAC)
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is a 4-bit register which is loaded from Dy — Ds. The
status register is selected and read by a single read re-
quest. The command register is selected and loaded by a
single write request. The remaining registers are access-
ed indirectly, and the desired register is first selected by
placing its address in the RAC, and then read or written
with a subsequent read or write request.
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Flgure 4. 7224 BMC Tlmlng Diagram

Table 3 gives a complete listing of the address asign- . Table 3. Address ASSIgnments for the

ments for the user-accessible registers. The registers User-Accessible Registers (Coptihued)
are listed in two groups. The first group (STR, CMDR, -
RAC) consists of those registers that are selected and RAC
! . A0 B3 B2 B1-BD | Symbol | N { Register | Read/Wri
accessed in one operation. The second group (UR, BLR, ' 0 | Symbol | Name of Register | Read/Write
ER, AR, FIFO) consists of those registers that are 0 1 0 t 1 | BLRLSB | Block Length Write Only
addressed indirectly by the contents of RAC. ' Register LSB .
0 1 1 0 0 | BLRMSB | Block Length Write Only
.| - Register MSB .
Lo . 01 1 0 1. |ER .. Enable Register | Read or Write
) . - : 01 1 1 0 | ARLSB Address Register | Read or Write
Table 3. Address Assignments for the _ LSB o
User-Accessible Registers 0O 1 1 1 1 | ARMSB | Address Register | Read or Write
i . _ MSB.: . :
A0 D7 D6 D5 D4 D3 D2 D1.D0 | Symbol | Name of Register | Read/Write 0 0 0 0 0 [FIFO | FIFO DataBuffer | Read or Write
1.00C 1 G C C-C |CMDR.|Command Write Only SSSSS5SSS = 8-bit status information returned to the user from the STR
. , Register : CCCCC = 5-bit command code sent to the CMDR by the user.
1.0 0MO0O BB B B |RAC Register Address |Write Only BBBB = 4-bit register address sent to the RAC by the user.
o Counter . o o . B3B2B1BO = 4-bit.contents of RAC at the time the user makes a read or
3 . I I : write request with AD=0.
18§85 85 58S 8 {STR Status Register |Read Only LSB = Least Significant Byte

MSB = Most Significant Byte '
M = Modifier (When written high wnl clear any pending.
interrupt from 7224 without destroylng any data
present in the FIFO and its associated latches.
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The register file contains the registers with address 1011
through 1111. These registers are also called parametric
registers because they contain flags and parameters that
determine exactly how the BMC will respond to com-
mands wrltlen to the CMDR.

To facilitate, such operations, the BMC automatlcally in-
crements theé RAC by one count after each transfer of
data to or from a parametric register.

The RAC increments from the initially loaded value
through address 1111 and then on to 0000 (the FIFO ad-
dress). When it has reached 0000, it no longer incre-
ments. All subsequent data transfers (with AD=0) will
be to or from the FIFO until such time as the RAC is
loaded with a different register address.

REGISTER DESCRIPTIONS

Command Register (CMDR) 4 Bits, Write Only

The user issues a command to the BMC by w;riling a 5-bit
command code to the CMDR.

Table 4 lists ihe_S-bit command codes used to issue the
eighteen commands recognized by the BMC.

Table 7 is a listing of the commands and their functions.

fablé 4. Command Code Definitions

Command Name

o
(3]
o
w
[=4
n
o
—
o
o

‘Software Reset
Zero Access Read Seek
Zero Access Read Bubble Data

1101{0| 0 0| WriteBootloop Register Masked
0olojo | 0] 1] Initialize

0f0o]0]1]| 0| ReadBubble Data
00 [0 1] 1| Write Bubble Data
0[0|1]|0] 0| Read Seek
001110 1 | Read Bootloop Register
0|0 |1]1] 0| Write Bootloop Register
0|0 {1 ]|1] 1 | Write Bootloop
0100/ 0| Read FSA.Status
0(1§0 0| 1| Abort .
01101 0 | Write Seek

0(1}0 ] 1] 1.] Read Bootloop
0]1]1 |0/ 0 |ReadCorrected Data
0l1]1|0]| 1 |ResetFIFO =
0f1{1]1]|0 |[MBMPurge
ol1]1}1{1

110]0{0]1

1j0jo0(|[1]0

The most commonly used commands in normal opera-
tion are: | o

Inlttaltze _

Read Bubble Data

Write Bubble Data

Reset FIFO'

Read Seek

Write Seek

Abort

Read Corrected Data

Software Reset R

Read FSA Status

MBM Purge

Zero Access Read Seek
Zero Access Read Bubble Data

Commands relating to the bootloop', and used only for
diagnostic purposes, are:

Read Bootloop Register

Write Bootloop Register

Write Bootloop Register Masked
Read Bootloop

Write Bootloop

Status Register (STR) 8 Bits, Read Onl'y'

The user reads the BMC status register in response-to
an interrupt signal, or as part of the polling process in a
polled data transfer mode. The status register provides
information about error conditions, completion or ter-
mination of commands, and about the BMC's readiness
to transfer data or accept new commands. The in-
dividual bit descriptions are as follows: '

STATUS REGISTER

7|6(s5|al3a|2]|1]0

I—b FIFO READY

L——— PARITY ERROR
. UNCORRECTASLE ERROR
~» CORRECTABLE ERROR
» TIMING ERROR
» OP FAIL
» OP COMPLETE
= BUSY

BUSY (when = 1) indicates that the BMC is in the
process of executing a command. When equal to

' 0, BUSY indicates that the BMC is ready to recelve
a new command -

OP COMPLETE (when = 1) indicates the successful
completion of a command. .

OP FAIL (when = 1) indicates that the BUSY bit has
gone inactive with either the TIMING ERROR or UN-
CORRECTABLE ERROR bits active.

TIMING ERROR (when = 1) indicates that a FSA has
reported a timing error to the BMC, or that the host
system has failed to keep up with the BMC, thereby
causing the BMC FIFO to overflow or.to underflow.
TIMING ERROR is also set if no bootloop sync word
is found during initialization, or if a Write Bootloop
command is issued when the WRITE BOOTLOOP
ENABLE bit is equal to zero in the enable register, or
the Write Bootloop Register Masked command is
sent without an adequate number of 1’s present in
data pattern.

CORRECTABLE ERROR (when = 1) indicates that
a FSA has reported to the BMC that a correctable
error has been detected in the last data block
transferred.
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UNCORRECTABLE ERROR (when = 1) indicates
that at least one FSA has reported to the BMC that an
uncorrectable error has been detected in the last
data block transferred.

PARITY ERROR (when=1) . indicates . that the

BMC's parity check circuitry has detected a parity

error ona data-byte sent to the BMC by the useron
~ the data lines Do—Dg

"FIFO READY has two functions. The FIFO READY
functions are as follows:

NOTE: IF RAC # FIFO, FIFO READY = 1

STATUS BITS READ WRITE
FIFO READY BUSY
1 1 © datain space in
FIFO FIFO
o .| 1 no data no space
1 0 — data in FIFO —
o — FIFO empty —

Although the status word can be read at any time, .the
status information, bit 1 through 6, is not valid until the:
BUSY bit is low.

STR Bits 1 through 6 are reset when a new command is
issued. They may also be reset by making a write re-
quest (WR=0) to the BMC with A,=1, D,=0, and D=1
(Modified bit) (that is, writing the RAC with Dg=1).
This operation also resets the “INT” pin to “0". NOTE:
A byte of FIFO data can be lost when using this pro-
cedure if the RAC is written to other than the FIFO ad-
dress when data is still present in FIFO.

Enable Register (ER) 8 Bits, Write Only

The user sets various bits of the enable register to
enable or disable various functions within the BMC or
the FSAs. The individual bit descriptions are as foll_ows:

ENABLE REGISTER

ral'stazio'

I L-——- INTERRUPT ENJ\BLE (NORMAL)
- INTERRUPT ENABLE (ERROR)

——————————»-"DMA ENABLE

L& MAXIMUM FSA-BMC TRANSFER RATE
WRITE BOOTLOOP ENABLE

# ENABLE RCD

» ENABLE ICD

—- ENABLE PARITY INTERRUPT

In the above f|gure and m the text below, the following

abbreviations are used:

ICD =INTERNALLY CORRECT DATA
RCD = READ CORRECTED DATA
UCE = UNCORRECTABLE ERROR
CE - = CORRECTABLE.ERROR

TE =TIMING ERROR

6-304

'ENABLE PARITY INTERRUPT enables the BMC to

interrupt the host system (via the INT line) when
the -BMC detects a parity error on the data bus -
lines D0-D7

ENABLE ICD enables the BMC to_give the Inter- ,
nally Correct Data command to the FSAs when an

“error has been detected by the FSA's error detection

and correction circuitry. Each FSA responds to such
a command by internally cycling the data throughits
error correction network. Whenfinished, the FSA .
returns status to the BMC as to whether or not the
error is correctable. The value of ENABLE ICD af- -
fects the action of INTERRUPT ENABLE (ERROR).

ENABLE RCD enables the BMC to give the Read
Corrected Data command to the FSAs when an error
has been detected. This causes each FSA to correct
the error (if possible) and also to transfer the correc-
ted data to the BMC. The Read Corrected Data com-

.‘mand is also used to read into the BMC data .

previously corrected by the FSA in response. to an
Internally Correct Data command. In either case,
when the data transfer has -been completed, the
BMC reads each FSA's status to determine whether
or not the error was correctable. In the case of an
uncorrectable error, bad data may have been sent to
the user. The value of ENABLE RCD affects the ac-
tion of INTERRUPT ENABLE (ERROR). '

WRITE BOOTLOOP ENABLE (when=1) enables
the bootloop to be written. If this bit is equal to
zero, and a Write Bootloop command is received
by the BMC, the command is aborted and the TIM-
ING ERROR bit is set in the STR.

DMA ENABLE (wh_en= 1) enables the BMC to
operate in DMA data transfer mode, using the DRQ"
and DACK signals in interaction with a DMA con-
troller. When equal to zero, DMA ENABLE sets up
the controller to support mterrupt drnren or polled

data transfer

- INTEHHUPT'ENABLE (ERROR,) selects error condi-

tions under which the BMC stops command exe-
cution and interrupts the host processor (via the
INT line). INTERRUPT ENABLE (ERROR) operates
in conjunction with ENABLE ICD and ENABLE
RCD.
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Interrupt
Enable Enable Enable

ICD RCD (ERROR) Interrupt Action

0 0 , 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 Interrupt on UCE, CE, or TE
1 0 0 Interrupt on UCE or TE
1 0 1 Interrupt on UCE, CE, or TE
1 1 0 Not used
1 1 1 ‘Not used

TE = Timing Error, CE = Correctable Error,

UCE = Uncorrectable Error.
INTERRUPT ENABLE (NORMAL) (when= 1)
enables the BMC to interrupt the host system (via
the INT line), when a command execution has been
successfully completed (OP COMPLETE 1 in the
STR).

Block Length Register (BLFI) 16 Bits,
Write Only

The contents of the block length reglster detérmine the
system page size and also the number of pages to be
transferred in response to a single bubble data read or
write command. The bit configuration is as follows:

BLOCK LENGTH REGISTER MSB
|7|°|5|4|3|=I'l°l

NUMBER OF FSA
CHANNELS (NFC)

BLOCK LENGTH REGISTER LSB'
Lrlefsfefafz]1]o]

NUMBER OF PAGES TO BE TRANSFERRED

The system page size is proportional to the number of
magnetic bubble memory modules (MBMs) operating in
parallel during the data read or write operation. Each
MBM requires two FSA channels. Bits 4 through 7 of
BLR MSB actually specify the number of FSA channels
to be accessed.

The BLR LSB, together with the 3 least significant bits
of the BLR MSB, specify the number of pages to be

transferred. Up to 2048 pages can be transferred in -

response to a single bubble data read or write com-

mand, hence the requirement for 11 bits. All 11 bits
equal to zero specifies a 2048 page transfer.

Address Register (AR) 16 Bits, Read or Write

The contents of the address register determine which
MBM group is to be accessed, and, within that group,
what starting address location shall be used in a data
read or write operation. The bit configuration is as"
follows:

ADDRESS REGISTER MSB
[7lels]efa]z]r]o]
X

MBM SELECT

ADDRESS REGISTER LS8
Lrlelsfefafafr]o]

STARTING ADDRESS WITHIN EACH MBM

Within each MBM there are 8192 possible starting ad-
dress locations for a data read or write operation, hence
the requirement for 13 bits in the starting address.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 57. The BMCs interpretation of
these bits depends on the number of MBMs in a group,
which is specified by BLR MSB Bits 4-7.

Table 6 shows which MBM groups are selected in response '
to given values for BLR MSB Bits 4-7 and AR MSB Bits 3-6.
A 4-megabyte system (8 MBMs) is represented, with the
FSA channels numbered 0 through F:

Table 6. Selection of ?SA Channels

AR M8 Bits BLR MSB Bits (7,6,5,4)

(7,6,5) 0000 | 0001 0010 0100 1000
000 0 0,1 01,23 Oto7 oto7
001 1 23 456,7
010 2 45 |

011 3 6,7

100, 4
101 5
110 6
111 7

Table 5. 4AMbyte System Page Size, Page Address Range, and Data Transfer Performance Configuration

BLR MSB NFC System Page Size # of Pages Address Range MBM Data Transfer Rate
T 6 5 4 | - .
00 0 1 64 byte - 64K 0000—FFFF 25K bytes/sec
0010 128 byte 32K 0000—7FFF 50K bytes/sec
0100 8 256 byte 16K 000 0—3FFF 100K bytes/sec
1000 16 512 byte 8K 0000—1FFF 200K bytes/sec

6-305



intel

7224

ADVANGE INFORMATION

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or
Write

The BMC FIFO is a 40 byte buffer through which dala

passes on its way from the FSAs to the user, or from the
user to the FSAs. The FIFO allows the data transfer to
proceed in an asynchronous and flexible manner, and
relaxes timing constraints, both to the FSAs and also to
the user's equipment. The user's system must, however,
meet the data rate requirements. When the BMC is busy
(executing a command) the FIFO: functions as ‘a data
buffer. When the BMC is not busy, the FIFO is available
to the user as a general purpose FIFO. :

FUNCTIONAL OPERATION

The IC components used in the bubble memory systems
have been designed with transparency in mind—that is,
a maximum number of operations are handied by the
hardware and firmware of these components.

Each four Megabit Bubble Memory {MEM)_operates inits
own domain, and is unaffected by the number of bubble

memories in the system. The roles played by the MBM's.

immediate support circuitry can be described as if the
system contained only one MBM module.

Data Flow Within the Magnetic Bubble
Memory (MBM) System (Single MBM
Systems)

During a read. operation, data flows as follows: The
data from the MBM is input to the Formatter/Sense
Amplifier (FSA). Data from each channel (A channel or B
channel) of the MBM goes to the corresponding channel
of the FSA. In the FSA, the data is paired up with the cor-

mine whether it represents data from a ‘good’ loop. If it
does, the data bit is stored in the FSA FIFQ. Error detec-
tion and correction is applied to each block of 256 data
bits.

From the FSA FIFOQ, data is sent to the bubble memory .
controller (BMC) in the form of a serial bit stream, via a
one-line bidirectional data bus (DIO). The data is multi:
plexed onto the DIO line, with data bits coming alter-
nately from the A and B channels of the FSA. The BMC
outputs a SYNC pulse to the SELECT.IN input of the
FSA. The FSA responds by placing a data bit from the A
channel FIFO on theDIO line:. One clock cycle later, a
data bit from the B channel FIFO is placed on the DIO
line. The BMC continues to output SYNG pulses, once
every 20 or 80 clock cyc!es each time receiving two data
bits!in return.

In the BMC, the data undergoes senal to- parallel conver-
sion, and is assembled into bytes, which are then placed
in the BMC FIFO, which can hold 40 bytes of data. From
this FIFO, the data bytes are written onto the user inter-
face.

During.a write operation, the data flow consists of the
corresponding operations in the reverse order. .

INTERFACING REQUIREMENTS

All communications between the host microprocessor,
and the bubble memory is performed through the 7224
BMC. Below the general principles are described, for
detailed guidelines please refer to the BPK 75 Manual.”

First the hardware interfacing requirements and second

respondmg bit in the FSA's bootloop register to deter-

the software interfacing requnrements are descrlbed

Table 7. Detailed Command Descnptlons

Initialize

Read Bubble Dat;a

Write Bubble Data

Read Seek R

The BMC executes the.Initialize command by first interrogating the bubble system to .
determine how many FSAs are present, then reading and decoding the bootloop from each
MBM and storing the resuits in the corresponding FSA's bootloop register. All the parametric
registers must be properly set up before issuing the Initialize command.

The Read Bubble Data command causes data to be read from the MBMs into the BMC FIFO.’
The selection of the MBMs to be accessed and the starting address for the read operation is
specified in the address register (AR). The block length register (BLR) specifiesthe number of -
system pages to be read. All the parametric registers must be properly set up before issuing

the Read Bubble Data command.

The Write Bubble Data command causes data to be read from the BMC FIFO and written into
the MBMs. The selection of the MBMs to be accessed and the starting address for the write
operation is specified in the address register (AR). The block length register (BLR) specifies
the number of system pages to be written. All the parametnc registers’ must be properly set up
before issuing the Write Bubble Data command.

The Read Seek command rotates the selected MBMs toa designated page address location.

' No data transfer occurs. The positioning is such that the next data location available to be read

isthe specified (in AR) page address plus one. The Read Seek command may be used toreduce
latency (access time) in cases where information is available for the user to predict the
location of an impending read reference to the MBMs.
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_ Table 7. Detailed Command Descriptions (Continued)

Write Seek

Abort

'MBM Phrge .

Read Corrected Data

Software Reset -

Read FSA Status -

Read Bootloop
Register

Write Bootloop -
Register Masked

Read Bootloop

Write Bootloop

Zero Access Read
Bubble Data

Zero Access Read
Seek

The Write Seek command rotates the selected MBMs to a designated page address location.
No data transfer occurs. The positioning is such that the next data location available to be
written is the specified (in AR) page address plus one. The Write Seek command may be used to
reduce latency (access time) in cases where information is available for the user to predlct the
location of an impending write reference to the MBMs.

The Abort command causes a controlled termination of the command currently being
executed by the BMC. The Abort command will be accepted by the BMC (and is typically
|ssued) when the BMC is busy. .

The MBM Purge command clears all BMC registers, counters, and the MBM address RAM.
Furthermore, it determines how many FSA channels are present in the system and stores this
value in the 7224. The “INITIALIZE” command uses this command as a subroutine.

The Read Corrected Data command causes the BMC to read into the BMC FIFO a 256-bit block
of data from the FIFO of each selected FSA channel, after an error has been detected. The data
cycles through the error correction network of the FSA. After the data has been read, the FSA
reports to the BMC whether or not the error was correctable. The Read Corrected Data
command is used only when the systemis in error correction mode (ENABLE ICD or ENABLE
RCD set in the ER).

The Software Reset command clears the BMCFIFO and all reg.islers. except those containing
initialization parameters. It also causes the BMC to send the Software Reset command to
selected FSAs in the system. No reinitialization is needed after this command.

The Read FSA Status command causes the BMC to read the 8-bit status régister of all FSAs,
and to store this information in the BMC FIFO. The Read FSA Status command is independent

all parametric registers.

The Read Bootloop Register command causes the BMC to read fhe bootloop register of the
selected FSA channels and to store this information in the BMC FIFO. Twenty bytes are

)| transferred for each FSA channel selected.

Proper operation of the FSAs during data transfer to or from the MBMs requires that the
bootloop register contain exactly 270 logic 1s for each FSA bootloop register. The user may
select any subset of 270 *‘good” loops from the total number of available loops. As an alter-
native, the Write Bootloop Register Masked command may be used. This command counts the
number of logic 1s and masks out the remaining 1s after the proper count has been reached.

‘The Inltlallze command uses this command as a subroutine.

The Read E!ootloop command causes the BMC to read the bootloop from the selected MBM,
and to store the decoded bootloop information in the BMC FIFO. The Initialize command uses
this command as a subroutlne

The erte Bootloop command causes the existing contents of the selected MBM's bootloop to

‘be replaced by new bootloop data based on 40 bytes of information stored in the FIFO (the

user must actually write 41 bytes, where the 41st byte i is all 0s). Encoding of the bootloop data
is done by the BMC hardware.

The Zero Access Read Bubble Data command functions exactly the same as the Read Bubble
Data command except it must be preceeded by the Zero Access Read Seek command. The
parametric registers are written prior to the Zero Access Read Seek command and should not
be rewritten for the Zero Access Read Bubble Data command. : R
The Zero Access Head Seek command operates similiarly to the Flead Seek command, but it
reads the first page of data from the MBM into the FSA(s) FIFO. This eliminates the first page
‘overhead involved in the Read Bubble Data command. The latency for the first page data is on-
ly the time reqmred to read the data from the 7244(s). The values written into the parametric
registers prior to the issuance of the Zero Access Read Seek command are identical to those
written for a Read Bubble Data command. The seeking address for the Zero Access Read Seek
command is equal to the desired read address. The Zero Access Read Seek command in-
crements the Ad and decrements the BLR. Since the Zero Access Read Bubble Data command
expects this increment and decrement, it is used for this data transfer instead of the Read
Bubble Data command. ;
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HARDWARE INTERFACE REQUIREMENTS
User Interface Signals

The source, destination and function of the user inter-
face signals are described in Table 1 in the data sheet.

System Timing

‘As shown on the timing diagrams in the WAVEFORM
. section the typical read/write cycle timing provides suf-
ficient tolerance to allow most currently available
microprocessors to be easily adapted to the BMC timing
requirements.

User Data Transfer Rate Requirements

The maximum data rate for the user interface is a func-
tion ‘of the number of MBMs operated in parallel as
outlined in table 8. The rates listed must be considered
in relation to the data transfer mode (polled, interrupt-
driven, or DMA) to be implemented in order to be.sure
that the host system software and hardware are capable
of keeping up with the data transfer. In other words, the
BMC requires the host CPU to be able to sustain the
maximum data rate transfer rate for the minimum data
transfer (e.g., for a one bubble system keep up the
transfer rate for at least 64 bytes = one page).

Table 8. User Data User Transfer Rate

Requirements
Number of Maximum Data Transfer Rate
MBMs Between BMC FIFO and the
Operating FSAs during Write
in Parallel Bubble Data Commands
1 12.5 kbytes/second
2 25 kbytes/second
4 50 kbytes/second
8 100 kbytes/second

| Hardware Interfacing for Data Transfer

The BMC supports three data transfer modes, i.e. DMA,
interrupt-driven and polled.

To support DMA, a hardware mechanism is required for

servicing the BMC’s data transfenj requests. 'While
several hardware implementations are possible, one
common configuration is the Intel 8257 DMA controller.

To shpport an interrupt-driven system an Intel 8259 Pro-
grammable Interrupt Controller is often used.

The polled data transfer mode relies almost exci'usively
on the software interaction between the host processor
and the BMC to control the transfer of data.

Multiple MBM-System

A BMC is capable of processing data and of supplying the
required. timing. and control signals for operating up to
eight Bubble Storage Units (BSUs), each of which is
capable of storing 512 kbytes of user data. A BSU con-
sists of a 512 kbyte MBM and its five immediate IC sup-

- port chips (i.e. a BPK 74 Kit).

S(I)I.:TWAFIE. INTERFACE REQUIREMENTS

To use the BMC, the user has to write a “‘bubble memory
software driver"

" The bubble driver is respons;ble for all the system in-

teraction with the bubble memory controller and is in-
trinsic to.the efficient and reliable operation of the bub-
ble system. The driver accepts bubble memory com-
mands and command execution parameters from the ap-
plication program, controls and monitors command ex-
ecution, and returns operational status information to
the application program at command completion. To
perform all of these operations, the bubble driver must
support the bit/byte level of the bubble memory con-
troller’s command and  status registers and the
parametric registers that define the operating mode,
system configuration, and extent of the transfer.

" The level of the software driver complexity is a function

of the sbecific application needs. Regardless, a set of
basic drivers must be developed that in turn are in-
tegrated into a system at the appropriate level. If an ap-

- plication program is smalil and simple, a basic bubble

drwer may snmply be called from the main program.

At the hlghest level of drwer sophlsncatlon the appllca
tion program treats the bubble system as a collection of
named data areas of files similar to the way in which

- data is stored and retrieved in disk operating systems.
.At the'file system level; an application program can ig-

nore the mechanics of bubble storage and access and
merely present a file name to the driver to open, read or
write, then close the desired bubble flle

Data Organizaiion
From a software viewpoint, data logically is organized

'into blocks of bytes called pages. During data transfer
"operations, one or more of these pages are transferred

between the bubble(s) and the host microprocessor. A
page ' is the smallest increment of data that can be
transferred; single bytes cannot be transferred. Concep-
tually, the data organization within a bubble memory is
analogous to a disk system. Just as disk sector sizes
are fixed when adisk is formatted, bubble page sizes are
established, under software control when the bubble
system is initialized.
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For single bubble system, the page size is fixed at 64
bytes with error correction. The total number of pages
available is 8092. In systems with multiple bubbles, page
size can vary from 64 bytes to 512 bytes depending on the
number of bubble devices in the system. Page size is
directly proportional to the system data rate and also
determines the total number of available pages (address
field size). The selection of the appropriate page size
depends primarily on the data rate supported by the
system. The higher the data rate, the faster the
microprocessor must respond to the demands of the bub-
ble memory controller.-

‘Buffering

The bubble memory controller includes a FIFO data buf-

fer that, although only 40 bytes long, reconciles timing

- differences between the parallel data transfer to or from
the host microprocessor and the serial data transfer to
or from the Bubble Memory Subsystem. Accordingly,
when an application program requests data from a bub-
ble, the software driver is responsible for keeping up
with the FIFO for the duration of the data transfer in
order to prevent the FIFO from overflowing or
underflowing. '

Command Execution

Command execution can be perforfned eitherinaninter-
rupt driven mode or in a polled mode irrespective of the
data transfer mode (polled, interrupt-driven, or DMA).

Data Transfer Mode

"As described earlier in the hardware section, three data
transfer modes are available (polled, interrupt-driven or
DMA). ce ' .

System performance, additional hardware and software
overhead are all important considerations when choos-
'ing the appropriate mode for your application.

Error Correction

The bubble memory has a built-in error detection. Three
levels of error correction are available.

Communication with the BMC

All communications between the host and the bubble
memory actually are performed through the BMC. The -
BMC has two input/output (/O) ports, an eight-bit

_bidirectional data port, and an eight-bit command/status

port. Conceptually, a bubble memory system can be
thought of as a disk system in that data in the bubble
memory is organized into blocks called pages in bubble
technology that are similar to disk sectors. Information
such as starting page location, direction of transfer, and
the number of pages to be transferred is passed to the
BMC before the desired read or write operation is
initiated.

The general procedure for communicating with the. BMC
is:

Set-up the BMC for data transfer communication
by loading specific parameters in user-accessible
registers.

Send the desired command.

Read the status register to determine if command
is accepted. '

If applicable, transfer (i.e., read or write) data.

Read the status register until BMC is not busy (or
under some conditions “INT” pin).

Examine the status register to determine whether
the operation was successful._

For all details and exceptions to this geﬁeral description
consult the BPK 75 User's Manual. (Available 1st Quarter
1984). .
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ABSOLUTE MAXIMUM RATINGS

Temperature under bias .............. -40 to +100°C
Storage Temperature.............. -65°C to +150°C
All Input or Output Voltages and o
Vee Supply Voltage ..o a s —-0.5V to 7V

D.C. CHARACTERISTICS
(Tpo = 010 70°C, Veg = 5.0V +5%, —10%)

*NOTICE: Stresses above those listed under “Absolute Max-
imum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indicated

. in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Symbol Parameter Min. - Max. Unit Test Condition
ViL Input de Voltage . 08. vV .
ViH() Input High Voltage (all but PWR.FAIL) 20 Vce+0.5V v
Vine) Input High Voltage (PWR.FAIL) 25 |Vect+05V| v
VbL(IJ Output Low Voltage .
. _ (All outputs except DET.ON, BUS.RD, . 45 | ) " loL = 3:2 mA
SHIFT.CLK, and SYNC ' D
Vouz ggfl'?gtN%oB\tlg?gg?ngFT.C_LK, SYNG- y 45 Vo |loL=16mA "
Vou Output High Voltage 24 : v lop = 400uA
N Input Leakage Current 10 | pA _ losViy<Vec - .
loFL| Output Float Leakage 10 ~pA 0.45 < Vgyr < Ve
lcc |- Power Supply Current from Vg 200 mA '

A.C. CHARACTERISTICS

(TA = 0t070°C, Vg = 5.0V + 5%, —10%; C_ = 150pF; unless otherwise noted.)

Test Condition

Symbol Parameter Min. Max. Unit
tp ‘| Clock Period ' 4995 | 5005 ns
tg" Clock Phase Width (High Time) 45 tp S5t |
tete Input Signal Rise and Fall Time 30 | ns -

FSA INTERFACE TIMINGS (under pin loading) o AR
Symbol ' - Parameter Min. Max. Unit |  Test Condition
tcov CLK to DIO Valid Delay 200 ns Under Pin Loads”
tcoe CLK to DIO Entering Float 250 ns Under Pin Loads*
tcoe CLK to DIO Enabled from Float 200 ns Under Pin Loads*
tcon CLK to DIO Hold Time 0 ns Under Pin Loads*
tesoL CLK to SYNC Leading Edge Delay 200 ns Under Pin Loads*
tesor CLK to SYNC Trailing Edge Delay 150 ns Under Pin Loads*
toc DIO Setup Time to Clock 150 ns Under Pin Loads"
toHe | DIO Hold Time from Clock 0 ns Under Pin Loads*
tcoL CLK to Output Leading Edge 200 ns Under Pin Loads*
tcot CLK to Output Trailing Edge 200 ns Under Pin Loads*
tew ERR. FLG Pulse Width 200 ns Under Pin Loads"
tscrr SHIFTCLK to Y= Trailing Edge 80 200 - ns Under Pin Loads"
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A.C. CHARACTERISTICS (Continued) (T, = 0 t0 70°C, v
READ CYCLE (HOST INTERFACE)

C
‘unless otherwise note

&)= 50 + 5%, —10%; C_ = 150 pF;

BUS.READ

10 pF

6-311

Symbol Parameter Min. Max. Unit Test Condition
tac Select Setup to RD 0 ns
tca Select Hold from RD? 0 ns
tRR RD Pulse Width _ 200 ns
taD Data Delay from Address 200 ns
tRD Data Delay from RD | 200 ns
tor Output Float Delay 10 100 ns
toc DACK Setup to RD ! 0 ns
tco DACK Hold from RD1 0 ns
tkp Data Delay from DACK/| 200 ns
' - (DMA Mode) In non DMA mode.
tcycr “Read" Cycle Time 4t, ns teven Min. = 6t,
WRITE CYCLE (HOST INTERFACE)
Symbol Parameter Min. Max. Unit | Test Condition
tac Select Setup to WR| 0 | ns
tcA Select Hold from WR1 0 ns
tww WR Pulse Width 200 ns
tow Data Setup to WR? 200 ns
twp Data Hold from WR? 0 ns
toc DACK Setup toWR] 0 ns
tcp DACK Hold from WR 1 0 ns
tcycw “Write" Cycle Time 4ty
ca | oo tonROowE “BE
tDEADW Inactive Time between WR! and WR! at, ns
tDEADR Inactive Time between RD! and RD! 150 .
: 7
7250-7234 INTERFACE TIMINGS
Symbol Parameter Min. Max. Unit Test Condition
teBL CLK to Bubble Signal Leading Edge 275 ns “Under Pin Loads"*
tceT - CLK to Bubble Signal Trailing Edge 275 ns Under Pin Loads*
*Bubble Pin Loads Shown Below
PIN LOADINGS
Pin Names Value Unit
X+, X=,Y+,Y- 150 pF
TM.A, TM.B, REP.EN, BOOT EN, -
SWAP.EN, BOOT.SW.EN, CID, 100 pF
ERR.FLG, WAIT, SYNC, DIO
DET.ON & SHIFT.CLK




intel

- ADVANGCE D[N]F@RMATU@[N]

7224
WAVEFORMS
READ (HOST INTERFACE) -
‘. tI:Yl:ﬂ -
= KX
= -4-—4-!Df:—h q---tco—-]' '
T X
- tRR | fwtcam] )
N 4
A5 N s N
a—tac—| | RD: o ~—{pF— . }
. DATABUS i__......_....__..<
——————— A p—————— .
e ——————— g ————— —————p ‘DE\&DF\.
WRITE (HOST INTEIiFACE)
_ -1——-tnc—--—"- ' -ﬁwn—f
Ay : . .
wR \ o ' . N
DATA BUS _x‘ ’K -
| tpw— et Wp——
- {DEADW o
DMA (HOST INTERFACE) R
"-—tn;ﬂ_.‘_l
LT} | P— A\

6312




intgl’ 7224  ADVANCE INFORMATION

WAVEFORMS (Continued)

7244 INTERFACE TIMINGS

CLK 7
) | | b
DIO (WRITE) == L- ______ > - -ED—M-A OUT VALID N DATA OUT ViAI.ID }- ﬂﬂﬂﬂﬂ

I
tcsoL —
SYNC —'\ |
—] a‘— tesor
) A
—»| [=—1pHC
DATA IN DATA IN.
DIO (READ) y VALID W VALID x

_ —1coL —= tcor .
ﬁm, cio . ; B .
. L ——
ERR.FLG ) J

SHIFTCLK (READ) ;

7250 & 7234 INTERFACE TIMINGS

ClK

fcBL tcar
BUBBLE §IG.
7250 & 7230 )
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